We report an experimental study of the scaling of zero-bias conductance peaks compatible with Majorana zero modes as a function of magnetic field, tunnel coupling, and temperature in onedimensional structures fabricated from an epitaxial semiconductor-superconductor heterostructure. Results are consistent with theory, including a peak conductance that is proportional to tunnel coupling, saturates at 2e 2 /h, decreases as expected with field-dependent gap, and collapses onto a simple scaling function in the dimensionless ratio of temperature and tunnel coupling.
Recent years have seen rapid progress in the study of Majorana zero modes (MZMs) in condensed matter. Following initial reports of zero-bias peaks (ZBPs) in conductance of nanowire-superconductor hybrids appearing at moderate magnetic fields [1] , improvements in materials [2] [3] [4] resulted in harder induced gaps and the emergence of zero-bias peaks from coalescing Andreev bound states (ABSs) [5, 6] , as well as the observation of exponential suppression of Coulomb peak oscillations with nanowire length [7] . Recently, indications of MZMs were also identified in wires lithographically patterned on hybrid two-dimensional heterostructures [8, 9] . In many respects, experimentally observed ZBPs are consistent with theoretical expectations for MZMs, but important questions remain, particularly concerning theoretical models that show ZBPs arising from nontopological ABSs in localized states at the wire ends [10, 11] . Furthermore, the fact that observed zero-bias peaks [1, 5, 6, 12] were considerably smaller than the theoretically expected value of 2e 2 /h [13] [14] [15] [16] [17] [18] has raised concern. Speculations about the origin of this discrepancy included effects of dissipation [19] as well as nontopological ZBPs induced by disorder [20] [21] [22] or a spin-orbit-induced precursor [10] .
In this Letter, we investigate ZBPs in lithographically defined wires as a function of temperature, tunnel coupling to a metallic lead (parametrized by the normal state conductance G N ), and magnetic field. For weak coupling to the lead (G N e 2 /h), a small ZBP with strong temperature dependence is observed over an extended range of magnetic fields. For strong coupling (G N ∼ e 2 /h), the dependence of the ZBP on G N and temperature weakens, with a low-temperature saturation at ∼ 2e 2 /h. Experimental results are well described by a theoretical model of resonant transport through a zero-energy state that includes both broadening due to coupling to a normal lead and temperature.
Fitting ZBP heights as a function of temperature, T , and G N yields values for the energy broadening, Γ, which we find obey the linear relationship Γ ∝ G N . The fit results for Γ are found to be in excellent agreement with a scaling function that depends only on the dimensionless ratio Γ/k B T . The observed magnetic field dependence of the ZBP is quantitatively consistent with a picture in which field reduces the induced superconducting gap, ∆ * , which in turn reduces the ZBP height through the dependence of Γ on ∆ * .
Overall, the ZBPs reported here are compatible with MZMs, and suggest that the temperature-to-broadening ratio is the limiting factor controlling ZBP conductance in setups where tunnel coupling is weak [1, 6] . We emphasize that although the observed conductance saturation, scaling, and field dependence are all consistent with a MZM interpretation, these results could be obtained with specially tuned nontopological Andreev states that happen to stick to zero energy [11] . Distinguishing topological from trivial scenarios relies on examining the stability of ZBPs to tuning parameters, as discussed below.
Measurements are performed on wires lithographically defined on an InAs/Al heterostructure [8] , using the same approach as in Ref. 9 . Figures 1(a) and 1(b) show a schematic and an electron micrograph, respectively, of a typical sample. A 1.5 µm long, 120 nm wide Al strip is defined on the wafer surface by selective Al etching. The Al strip is connected at one end with a large planar Al region, and on the other end terminates with a 40 nm break separating it from another planar Al region. A HfO 2 insulating layer is deposited by atomic layer deposition over the entire sample, followed by two patterned gates separately covering the wire and the break. wire depletes the surrounding two-dimensional electron gas region, leaving a narrow undepleted region of the InAs quantum well screened by the Al strip. The tunnel barrier is independently controlled with the voltage V t on the break region. Transport measurements are performed using standard low frequency lock-in techniques in a dilution refrigerator with base electron temperature of ∼ 40 mK. Throughout this paper, we characterize the low-temperature transport measurements in terms of the normal state conductance, G N , measured as the differential conductance at large source drain bias V SD . These values coincide with the V SD = 0 conductances measured above the critical temperature of the Al film. Further details of wafer structure, sample fabrication, as well as additional measurements are given in the Supplemental Material [23] .
For magnetic fields B (oriented along the wire) lower than ∼ 100 mT, both the strip and plane regions of the quantum well covered by Al show a hard induced superconducting gap, resulting in a superconductor-insulatorsuperconductor (SIS) junction. At larger fields, the superconducting gap below the Al plane softens, creating a finite density of state at zero energy, while the gap below the Al strip remains hard up to 3 T [9] . This feature allows the Al plane to be used, at moderate B , as an effective normal lead, making a superconductorinsulator-normal (SIN) junction, which can be used to perform tunneling spectroscopy of the wire.
Tunneling conductance as a function of B at small and large barrier transmissions (controlled by V t ) for similar wire densities (controlled by V W ) are shown in Figs. 1(c) and 1(d). For large transmission and low field, the SIS configuration is evident from a conductance enhancement at V SD = 0 [up to 100 × 2e 2 /h in the data of Fig. 1(d) ] as well as tunneling conductance peaks at V SD = ±2∆
* /e ∼ ±400 µV and fractions reflecting multiple Andreev reflection [24, 25] . The zero bias supercurrent disappears as the transmission is lowered, while loworder multiple Andreev reflections remain. In Fig. 1(d) , for example, the first order Andreev reflection is visible as a conductance peak at V SD = ±∆ * /e ∼ ±200 µV. Regardless of transmission, the planar lead acquires effectively normal behavior above B ∼ 300 mT, as seen from the crossover of tunneling features from ±2∆
* /e (expected for SIS) to ±∆ * /e (expected for SIN).
At larger fields, B ∼ 2 T, a robust ZBP forms from subgap states moving toward zero energy. While the overall appearance of data in Fig. 1(c) suggests a MZM interpretation, an explanation in terms of localized Andreev bound states that happen to stick to zero energy [11] cannot be ruled out by these measurements alone. The same ZBP was measured for tunnel couplings ranging from G N = 0.005 × 2e
2 /h to 1 × 2e 2 /h, by tuning V t . For low transmission, a sharp ZBP was observed on a hard gap, as seen in Fig. 1(c) . The peak height, G P , defined as the conductance at V SD = 0 without background subtraction, was up to 10 times higher than G N , though still considerably lower than 2e 2 /h. Increasing G N by adjusting V t broadened the peak and increased G P toward ∼ 2e 2 /h, while decreasing the ratio G P /G N toward 1. The linear vertical scale in Fig. 1(f) emphasizes that as G N increased by a factor of nearly 3, from 0.23 to 0.67 in units of 2e
2 /h, the ZBP height only changed by about 10%. Additionally, G P is found to decrease as B increases, an effect we attribute to the collapsing gap, as discussed below.
Increasing the tunnel coupling not only increased G P , but also increased the background subgap conductance, as expected theoretically [24, 26] . Large magnetic fields further soften the superconducting gap [3, 27] . For
2 /h, the zero bias conductance peak is G P = 0.81×2e 2 /h, 12 times higher than the conductance minimum at finite V SD , below the gap edge [see Figs. 1(e) and 1(f)]. As the barrier transmission is further increased, the contribution from the ZBP is no longer well separated from the above-gap conductance. The analysis of the dependence of G P on transmission presented below suggests that more than one channel participates in the transport. This presumably also accounts for the low- 2 /h, while for low transmission, G P values depend strongly on temperature.
These observations can be compared to a model of a MZM broadened by tunnel coupling and temperature. For energies below the topological gap ∆ t , tunnel broadening gives a Lorentzian lineshape to the zero- temperature Majorana peak [13, 16, 18, 28] . For weak tunneling, the width, Γ, of the ZBP is predicted to be directly proportional to the transparency τ of the junction and the topological gap, Γ ∝ τ ∆ t [13, 18, 28] . Physically, the proportionality to the gap reflects the tighter localization of the MZM to the boundary of the topological region with larger gap. According to this picture, for k B T ∆ t the zero-bias conductance is given by
Note that the scaling function f depends only on the ratio of temperature to tunnel broadening. Fits of Eq.
(1) to the T ≤ 150 mK data in Fig. 2(c) yield values for the single fit parameter Γ for each value of G N . The resulting values are shown in Fig. 3(a) . The fit values of Γ were found to be proportional to G N [gray line in Fig. 3(a) ] over 2 orders of magnitude. A power-law fit of the form Γ ∝ (G N ) α yields α = 1.0 ± 0.1. A spinless model for MZM transport yields the relation Γ = τ ∆ t /(2 √ 1 − τ ) across the full range of transmission 0 < τ < 1 [13, 29] . On the other hand, experimentally, we find that the linear relation Γ ∝ G N holds even as Fig. 3(a) ], apparently inconsistent with the spinless model if one makes the identification τ = G N /(2e 2 /h). We note, however, that the spinless model is not valid for Γ of order the gap. A spinful singlemode model with transmission close to unity predicts an in-gap conductance near 4e
2 /h at finite bias, with a dip rather than a peak at zero bias to 2e 2 /h [17, 30] , which we do not observe. Conductance doubling due to Andreev reflection was recently observed by us in a different device geometry [27] , but only at low field and zero bias. A hint to this behavior might be visible in the highest transmission curves of Fig. 1(e) , where the finite bias in-gap conductance quickly raises as transmission approaches unity. These discrepancies between model predictions and experiment could also suggest that more transverse modes below the Al strip contribute to transport. A multimode scenario could also explain the observation of G P exceeding 2e
2 /h when G N ∼ 2e 2 /h, as seen in Fig. 2 (c) (violet dots) while still being in agreement with the small conductance traces, keeping in mind that the contribution to Andreev reflection from the additional modes would not significantly modify the low temperature quantization for τ 1 [24, 26] . These observations motivate a more detailed understanding of the finite-bias transport in multimode topological wires.
The linear fit in Fig. 3(a) gives
µeV, which is comparable to the gap measured directly from Figs. 1(c) and 1(f). The proportionality Γ ∝ ∆ t suggests a mechanism for the observed reduction of the ZBP as B increases: quenching of ∆ t by the external field reduces Γ, which in turn lowers G P through the ratio k B T /Γ [see Eq. (1) shows good agreement between experiment and this simple calculation, indicating that the reduction of the ZBP at high field is a consequence of the closing of the induced gap [31] . We note that the observed decrease in ZBP height with decreasing ∆ * (B ) suggests a mode fixed to the end of the wire. In contrast, for a mode away from the end of the wire (on the scale of a coherence length) an increase in tunnel coupling as ∆ * (B ) decreases would be expected.
Zero-bias peak conductances for the full range of the dimensionless scale factor k B T /Γ are shown in Fig. 4 along with the scaling function, Eq. (1), for transport through a single zero-energy mode. A striking consistency over 3 orders of magnitude in k B T /Γ, with lowtemperature saturation 2e 2 /h is observed. We emphasize that scaling and saturation at 2e 2 /h, as expected for a MZM, does not rule out a nontopological discrete state at zero energy, for instance of the type discussed in Ref. 11 , as the origin of the ZBP. Support for a MZM interpretation includes the robustness of features to variation in B , V W , and V t . We found that gate voltage V t tunes the tunneling probe transmission up to 3 orders of magnitude but does not affect the ZBP except for the behavior captured by Eq. (1). A disorder-induced bound state near the end of our wires would presumably be affected by V t [see Fig. 1(a) ], resulting in variations of occupation, low temperature conductance, and behavior in a magnetic field. Essentially identical behavior seen in a second device [23] further suggests a MZM rather than a localized state resulting from disorder.
A similar single parameter scaling has been applied to Kondo resonances in quantum dots [32] , including devices with superconducting leads [33] . Qualitatively similar to Fig. 4 , the Kondo resonance results in a ZBP with low temperature saturation to 2e
2 /h and a suppression at high temperature, despite with a different functional form than Eq. (1). The emergence of the ZBP from Andreev states converging at zero energy disfavors a Kondo interpretation. Also, the Kondo resonance typically re-quires low magnetic fields and symmetric leads. Here we operate in a very large field and with a single tunnel barrier whose transmission is tuned by more than 2 orders of magnitude without affecting the presence of the ZBP.
In conclusion, we have investigated ZBPs in a Majorana device patterned in a two-dimensional heterostructure with epitaxial Al. The devices design allows a systematic study of the conductance for different values of the tunnel broadening. The low-temperature data show a scaling behavior where the peak height follows a simple universal curve that depends only on the dimensionless parameter k B T /Γ and saturates at 2e
2 /h for k B T /Γ 1. These results suggest that small ZBPs previously reported may be compatible with MZMs if they were obtained in a regime where the ratio of temperature to broadening was large.
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MATERIAL AND METHODS
The wafer structure used in this work was grown by molecular beam epitaxy on a semi-insulating InP substrate.
From the bottom to top it consisted of an 100 nm In [25] . The two monolayers of GaAs are introduced to help passivate the wafer surface where the Al film is removed, and to make the sample more compatible with our Al etchant (see below), which does not attack GaAs. The two-dimensional electron gas (2DEG) is expected to mainly reside in the InAs quantum well, with the upper tail of the wavefunction extending to the Al film [8] .
Characterization performed in a Hall bar geometry where the Al was removed revealed an electron mobility peak µ = 18000 cm 2 V −1 s −1 for an electron density n = 9 × 10 11 cm −2 . Characterization of a large area Al film revealed a critical magnetic field B c = 2.85 T when the field is applied in the plane of the 2DEG. On the other hand, fine Al structures, such as the wires measured in our devices, exhibit B c ≈ 3.1 T.
Samples were fabricated with conventional electron beam lithography techniques. First, we isolated large mesa structures by locally removing the top Al layer (Al etchant Transene D) and performing a deep III-V chemical wet etch (220:55:3:3 H 2 O :
In a subsequent step, we patterned the Al wires by selectively removing the top Al layer with a wet etch (Al etchant Transene D). All the Al etching steps are performed at a temperature of 50
• C ± 1 • C for 5 s. We then deposit, on the entire sample, a 40 nm thick layer of high-κ dielectric HfO 2 by atomic layer deposition at a temperature of 90
• C. The top gate electrodes are deposited in two successive steps. First we define the features requiring high accuracy and deposit 5 nm of Ti and 25 nm of Au by electron beam evaporation. In a successive step, we define the gates bonding pads by evaporating 10 nm Ti and 250 nm Au. Ohmic contacts to the InAs are provided by the epitaxial Al layer, which is contacted directly by wedge bonding through the insulating HfO 2 . As explained in the Main Text, with reference to Fig. 1 Electrical measurements were performed with conventional DC and AC lock-in techniques using low frequency (< 200 Hz) excitations. An AC voltage bias of 3 µV, superimposed to a variable DC bias, was applied to one lead of the wire, with the other lead grounded via a low impedance current to voltage converter. An AC voltage amplifier with an input impedance of 500 MΩ measured the four terminal voltage across the strip. Throughout this manuscript, we will use the symbol G to indicate the differential conductance dI/dV .
The samples were studied in a dilution refrigerator with a base temperature T = 20 mK, measured with a calibrated RuO x thermometer mounted on the mixing chamber plate. The mixing chamber temperature was tuned with an electrical heater and a PID controller.
In our measurements, we saw the first temperature dependences of the conductance at T ≈ 30 mK. Therefore, we present only data taken for T ≥ 40 mK, where we assume the electron temperature and mixing chamber temperature are approximately equal. This assumption finds agreement to an independent temperature fit of the ZBP conductance of Fig. 2(a) Fig. 1(e) of the Main Text. Tunneling conductance for VSD = 0 parametrically plotted versus the conductance at large VSD together with a theoretical curve for a single mode superconductor/normal interface with no free parameters [25, 26] .
sweeping V SD and stepping B at a rate of 100 mTmin −1 , resulting in additional heating of the device due to eddy currents in the refrigerator, which in turn results in lower ZBPs. We therefore use the data in Fig. 2(a) of the Main Text, where the magnetic field was kept stable for a long time, as a reference to determine the effective electron temperature during a magnetic field scan. The analysis yields an effective electron temperature of 55 mK during scans as those in Figs. 1(c) and 1(d) . We therefore use T = 55 mK for calculating the theory curves presented in Fig. 3(b) of the Main Text, which result in an exceptionally good agreement with theory without any fitting parameters. Using T = 40 mK results in theory curves with the same trend, but with an overall increase of the conductance by ∼ 30%.
ADDITIONAL CHARACTERIZATION OF SAMPLE 1
We provide here additional characterization measurement of Sample 1, which was presented in the Main Text. In addition to the peaks stability in an in-plane magnetic field B , oriented along the wire direction [evident from In our setup, Majorana modes are predicted to form for large in-plane magnetic field B aligned perpendicular to the spin-orbit field, i.e. parallel to the Al strip. In Fig. S.1(g) , we fix an in-plane magnetic field magnitude B r = 2.55 T and vary its orientation θ in the 2DEG plane, with θ = 0 being along the Al wire. For |θ| ≤ 4
• , the ZBP is stable. For |θ| > 4
• , the peaks splits into two states that move to higher energy. The superconducting gap is not affected by the field orientation, indicating the Al strip persists in the superconducting regime regardless of the in-plane field orientation. Figure S .1(h) shows a similar measurement, where the field orientation φ was varied in a plane parallel the Al wire and perpendicular to the 2DEG. In this situation, the external field is always perpendicular to the spin-orbit direction so that the topological criterion is always met (provided a high enough Zeeman energy). As expected, a robust ZBP is observed as long as the superconducting gap persists. The quenching of the peak for |φ| > 5
• is due to the large out-of-plane component, which drives the Al strip normal. , ruling out an accidental crossing of trivial Andreev states. The energy span of 96 µeV might serve as a measurement for the helical gap opening in the band structure of the wire. Given a g-factor of 4 and a magnetic field of 2.3 T, a helical gap of gµ B B ≈ 500 µeV is expected for strong spin-orbit coupling. The gate extent of the observed ZBP is therefore reasonable, given that multi-mode transport and disorder presumably reduce the size of the helical gap.
We conclude the analysis of Sample 1 by studying the quality of its tunneling probe in the superconductor/normal configuration. We perform the analysis from tunneling conductance curves for various transmission values taken at B = 1 T [ Fig. S.3(a) ], where the supercurrent is largely suppressed and the high field ZBP did not form yet. plot the in-gap conductance (measured for V SD = 0) against the conductance measured in the same configuration but for large V SD . The experimental points are shown in Fig. S.3(b) (markers) and compared to a theory for a single mode ballistic superconductor/normal interface [26] (solid curve). The reasonably good agreement over a large ranges of normal state conductances, compatible with our previous studies performed at zero magnetic field [25] , demonstrate the tunneling probe is single mode and ballistic.
CHARACTERIZATION OF SAMPLE 2
Similar measurements were performed on Sample 2. Differently from Sample 1, in Sample 2 we could not identify ZBPs that were robust against a 3 orders of magnitude variation of G N . Therefore, we conducted the analysis on two distinct ZBPs, named ZBP1 and ZBP2, obtained for similar values of V W . Each ZBP was robust for a moderate variation of G N so that the overall range of transmission investigated for Sample 2 was comparable to that of Sample 1. number of states populate the gap at low magnetic fields, compared to Sample 1. Once the ZBPs form, the trivial levels have already moved outside the superconducting energy gap, not precluding our study. The rehardening of the induced gap at high magnetic field might also be an indication of the reopening of the superconducting gap after the topological transition.
Exemplary temperature dependences of ZBP1 and ZBP2 are shown in Figs. S.5(a) and (b) respectively. The low temperature conductance of ZBP1 at V SD = 0 is very close to 2e 2 /h. The entire set of ZBP heights G P as a function of temperature is presented in Figs. S.5(c), with squares for ZBP1 and triangles for ZBP2, respectively. As for Sample 1, for low transmission G P varies steeply as a function of temperature. On the contrary, the temperature dependence is quenched for large G N , with G P ≈ 2e
2 /h independent of transmission. The gray lines are fit to Eq. 1 of the Main Text.
Following the same analysis presented in the Main Text, in ship. The solid curve in Fig. S.6(a) is a linear fit, Figure S .7(c) shows the T = 40 mK FWHM as a function of normal state conductance for both samples, with the gray line being the expected FWHM for temperature dominated broadening (12 µeV). We note that the large width (FWWHM ∼ ∆ * ) of the ZBPs for high transmission renders the Lorentzian fits inaccurate, especially at the high temperature, where the background contribution is expected to be significant.
